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H01M-010/40 

JAPIO Class: 13.2 (INORGANIC CHEMISTRY - Inorganic Compounds); 42.9 (ELECTRONICS - 
Other) 
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ABSTRACT 

PROBLEM TO BE SOLVED: To obtain a high-purity complex oxide in which each component 
completely forms a solid solution with LiNiO(sub 2) and the cycle characteristics in discharge and 
charge are improved by adding a lithium compound to a basic metal salt synthesized in the presence of 
non-oxidizing atmosphere and/or a reducing agent in a water medium, spray-drying or freeze-drying the 
mixture and baking the mixture under an oxidation atmosphere. 

SOLUTION: This complex oxide is represented by formula I (M is Al, Fe, Mn or B; 0.01<=(x)<=0.5; 
(x)=(x(sub l))+(x(sub.2)); 0.01<=(x(sub 1))<0.5; 0<=(x(sub 2))<0.3; 0.9<=(y)<=1.3). This method for 
synthesizing the complex oxide comprises adding a lithium compound corresponding to Li atom molar 
number shown by (y) to a basic metal salt represented by formula II (M is Al, Fe or Mn; A(sup n-1) is a 
n-valent anion; 0.03<Z<0.3; (m) is a positive number) in water medium, adding a boron compound 
corresponding to atomic number of boron only when boron is included in formula I and subjecting the 
mixture to spray drying or freeze drying and baking the complex under an oxidizing atmosphere at a 
temperature of 600-900 deg.C. 
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[4WFR#ro«6Bl h = x 1 +s 2l x,liO. 01g Xl <0. 5, x 2 tt 

[R#Jfl] —fB& 0^x 2 <0. 3, yttO. 9^y^l. 3 fcjjrf) 1? 

[ft 1 1 l i y N i „c o x1 m x2 o 2 ( i ) *4ftS**SMIs«o«ab!r*lc*iVNr» HMKfl&Hft 

. (5W, MttAl, Fe, Un, B*ft»b3l2*bS^ft TJW^Ottt3t5^©^T^**tvfcHB^ 
<tt>lS£t±*^U xttO. Ol^xgO. 5"?fc [ft 2] 

Ni 2 Vx (Co 2 *, Co 3+ ) xl M 3+ x2 (OH) 2 _ nx (A%) .mH 2 0 (II) 

(iSf, MttAl, F e, Mnmfrt>Mt$tlZ>'Pft< t fflfCTT^e 0 0t:~9 0 O'C^m^t^t^WOit 

fclfc£U:&*U A n_ ttn«cr=*^U Zli t5!Jf!>Ai y 4r;l4I-&B6ft't&©$0t:fr&, 
0. 03<Z<0. 3, mttlEftfcj^) ^*3;h,.&£ [WJJS52] ^ffNI. CoStfAl.'Fe.M 

•rvMk&to&x.&tiPt'Tmau m-±m-^ *»ttT/u*>j«BKt^ #s&ft#H&Ta.tf/3tttii 

(I) K:^TSI$&£*ii:3#&fctt«^©i§t*&K: xS!lO#&TT?SJS**5r.iH:J; D^e>H5-«* 
4BS+5W*fl5***r»apU XflBfc****ftv>»* [ft 3] 
letter©**, MNttUmftttttftU fcv*-CHfcft# 

Ni^Co 2 *,^ (OH) 2 _ nl (A"\) -mH 2 0 (III) 

t , ^*Jx5*SStt^JR*SSrfflvSri«ri|#»t-f5!»* AlMBTf*^ x^O. OUx^O. 5, x 

^KKxtt^nbw^, att/KTKSftwsfi-t- h y * a ©£4&fr„ 

*»fe»*h,*W**l~W**2B*©U*>}'A=«/4r [tt#JS8] ±IB-«;5S; (II) , -*SC (III) 

[ft#Jg4] a7U^JO^Dl:i5^SJS^S2%K)(T Ni> CoWAK Fe, Mni^P>itf^5'M< 

-e*> a »#® i ~t8#jf 3 ta^w y f !)a- j> ^vw-a-g- ia«±o*Stt^JR*&t*«ttr/V'* y&gfc 

[|f*Jl5] Kft5?H^iTT?«)6 0 01C~9 0 OtT? -^-7 n-{+tK^;fl{c«&L, ft^Tfc P H 8 £*± 

^ft^ffl§(T-CiK) 3 0 0~5 0 Ot^ X*KF&£&. ^--^-7n-bfcKJS^7 i ;-Sr->s' 

y^pAsy^S^&ft&roKgjfrft, L"C, 3jBKttfcS««fcHi-ri:fcJ:!l#6Ji*Jlf«* 

[ft*® 6] »*3S l ro— jftS; (I) (rfci^r, M*s ;W2Rkroif#^i!a®roy^?A=y^^|£ft 

AU B#^P>3®ttJx*'>*< ttllKitfeD, x ^WSa5t^j&„ 

o . o 1 s x 1 < o . 5, x/osx 2 <o. 3 ©46 m** 9 ] ^M^^HftTaw/xHtaijawwfrfiE 

a - ^mmffl jE^js^w. [ft 4 ] 

[W**7] (i) i&fewc. m* 

Ni 2 Vx (Co 2 *, Co 3 *) xl M 3+ x2 (OH) 2 _ nz (A""J -mH 2 0 (II) 

(5S<K MttAl, Fe, MnW*»e>Stftl5^<C< t mffljE^fS^S,, 
fci«ULb*:*U A n -ttnffiror^ySr^1-) T?^ [JBMoMR&Mn] 
* ixS«»tAH*tey L i K^/HfcfcftS-f [00 0 1] 

3g©y^*Aft#&£*$ft:*T?8saDU ftfc-jftS; . [38W©JR^S8*#1H #35Wtt, y^As^A' 
iutt*:©**, «3£«:®Xtt&*S$fe*IIL, &i/>-Cl?ft# [0 0 0 2] 

ffl^,TT?^J 6 0 0^-9 0 0 *c-c«g«i- 5 r. t \z x <o # [fiessSflf] iS¥, /hffl*-T-«»©/ha!ft, Jttfr(bte# 

bftS TIBS V\ - y *7U/* K 5 = y ^/u**Wfifcftt> 

[ft 5 ] L i y N i x _ x c o xl M x2 O z ( I ) <o , 6*-CjH**^-*«Sr*i-5 y f!?Al9:li 

(Stf, MttAl, Fe, Mb, B^feStftvS^* ©fBSS#iSi* otV>5. C © y A -ft«?t!iWjE@g 

< fcfc 1««±*^L, xttO. OlgxgO. 5T-*>. «SiUtt, y^^A^^-v^r^y^-^u-h, f 

(5x = x 1 +x 2 , x 1 ttOSx 1 <0. 5, x 2 tt0^x 2 -f h-fS i t Sl^ft-g-^T-feS L 

<0. 3, yttO. 9£y£l. 3 Sr^-f) T?^StL5 i N i 0 2 , L i C o O a *SftlP>nTV>5. ^T©* T?t L 

!J^!>Asy^r/ua#BMISft«r-S*-r«y^*AZftm iNi0 2 tt, L i C o 0 2< t »)i«5«^ST?fe.5fc*^ 
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fSrSfttVa. bZZAK COL i N i 0 2 tt, 36gctt 
fctit}&M9A4mV:WM#h1)* £OLiNi0 2 
^/M*ttSr35:Ai-5^:*f-, N i <D-gp£ffi©/£ 
# (Co, Mn, AU Fe, Ti, Vfcif) 

N i O-jO-g-fifcfr&tt, L i f&ft (L i OH, L i 2 CO 

3 , l i N0 3 fcif) iNi*» (*Sfc{fcft, ftftffsft, 
6Mfc**£) (*SMIs*» HMNbfe Mb* 

as, r©*tfeT?tt±ia*^N i fc^t@»ufct>© 

fcfifciSSfcU -fc©*t*x *fe*«f»fc.L itffcttUt 
!5, N i OOHft#4Ct«ttftT«B.< itiJfco 

**^*»L i N i OjKI»tftt>OWI8rfc*liU 
<, L i N i 0 2 ©«f«T&5iaim^fiSriBI 

[0 0 0 3] L i N i O 2 <0N i ©— SB 

*tt«J*#T«*»it3fe±H*a*3fc«t>»!:, *i£(bN 

l i **mw*-emaik. mmuiu &tiktzzk\z 

±9 $5 L i N i O 2 fc35£@igLfct><0& 

J*#TN i ©--gISSrg&LfcfcOWf "CC o &fflv\fct> 
OttL i N i o 2 roiM ^^tto**B48k#»j!,bn 

il#Lfc*§*, Mf mSifet^ C o 2 *i> 

6>3«^fc»fls*g»-C*0, U5>t>, Co 3 * (OH) 
3 ©5&irttN i (OH) 2 KH*b'CV^V\ Z<Dfz£>m 
N i 2 Vx (Co**, Co 3 *) xl M= 
[0 0 0 9] (S«t>, MUAK Fe, Mni|a>f>Itf 
ft34>&< ti, l«EJLh£*U A"-|ln«©T=*y 
Sr^U ZttO. 03<Z<0. 3, mttiE»*^i-) 

IB-JttS*; (I) t*5V>TaS**-^*-fr5»-g-tcW:fl!lS(lo 

-e&ft#!l&T-e)fo6 oot~9o o'c-e^i-sit 

&5. x, ®-ffc#ffl^T"e#5i 6 o 0*0-9 o ot-c&jfc 
■f *SWb#H*Ttf*5j3 o o~5 o otiHitt 

[0 0 1 0] #36H!tf»K-r >Mit^N i (OH) 
2 tc@@LfcmS'l±^Ja4ISr7K^' + '^i-5lKJc:, c 

* .Mb*** 5 V>ttffl#fb£«j£*l&#*T» U 



)tC o L i N i O a lC^@SF*-f , 

9 {£< *oTV*$i#*.feitfc. 

[0 0 0 4] 

ftfc*>Sfe£fc£jifc##L i N i 0 2 @&U ft&ttfcfc 

VoRxfzcDsmxmftmc y ^ A-wwwijESJi* 

K*WJW5£i:*B«ji:1-5. Skid*, 

mw%<o9mmm&fem &a i xT//xttB<&@» 

[0 0 0 5] 
[0 0 0 6] 

[fb6] L i y N i ^Co xl M, 2 O s (I) 

[0 0 0 7] (5Srt>, MttAl, Fe, Mn, B#a»e> 

SO. 5T?fc9 x = x 1 +x 2 , x^iO. 01g Xl < 
0. 5, x 2 tt0^x 2 <0. 3, yl±0. 9SySl. 
3«r^f) r*£;ha«^IMbtt©Ji&:frftfc:fcl>T, 

-«* 

[0 0 0 8] 
Ut7) 

(OH) 2 _ ns (A n - Z ) • mH 2 0 (II) 
•ftBte!*Xtt«)li«ift1-5ittJ:*), Co^Co 3 ^ 

dSL i N i O^C^IigUfcyf^Ai-^/^K 

i n i o 2 o^T?&siJ-'C^>'M#tt^+^»cefeS$n 
fey **Ar*«»ffliE«sHfeK##fciifcr 

[ooii] ur(4, r^=/w 

**^«S*-t- h S> ^i»*5fe f f ens. ilTc^JttSJSf Id 

t«6^t>^«ie«bt LxB#-rsct as&o-c^si-g-ft 

-CfoS. 
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[0012] aKcSdotefflsri, ejs»£©*$j2%ejlt 

5©ri5&v\, &:fc\ fggtt&Mfi©-g-$«:#gMfc#II^ 
- t te-ejmthZiK S h £4>;t©&^J i\ 

yiii<o^±\mitmmu Wi5 N i (oh) ,k 
mm u itm.m&&mmm buz. 
[0013] *%w<Dmi&*miz%^zm.m&&mm(D 

[ooi4] &®&<DiEm&mi8,-f ^grofls 

7-n-f*#EJ&ltfc{KI&U W*TfcpH88ll±T?SJ«: 

aGRftKSfttt K Kf r. & fc J: 9 2 £1±©& 

[0 0 15] TKJtte&JS&i: UTtt, N i s Co, A 
=*yi5N0 3> S0 4 , CK Br, CH 3 COO/j:if 

[0016] Tk^ttr/w* y t u-ctt, ta^ y &mm 

HNaOH, Na 2 C0 3 *SM*LV\ 

Ni 2 V x Co 2+ xl M 3 * x2 (OH) 2 . 
[0 0 2 4] T>FSiiS:!6^&***JBV^#8c«:* 

■c**i-s y * Ar» wfcffl3E«s4Mr», *©«m 

»fc'^TL i N i O 2 0*;£f fc3-!KOM&tt£T 
/XttB«rH***«CtteiOJfr)K63ett«rL iN i 

[0025] e*t, %mwx<*&9i&±vnM\mm-t 

[0 0 2 6] 



[0017] *%w\cm^i&mfe&mm-±s 

JUfifc^Sttr i^iJ y ©ft^-g-fc-frtc J; 

^ (II), (III) ©A n ~£ LTttN03 _ 

[0 0 18] ttStt^JR*fc«ip-t-**»tty^!7Afl5 
UTIl, L i 0«, L i NCv L i 2 C0 3 ftif 

8?y^!7A/«CifdJ*,tf bHS. 
[0 0 19] ^^©SSji^rifefc&^T:, -kiE-ffc-g-fe© 

»3ifta*-frj3* tut, y $ A-fb-g-ti tttttLi 

Rjfcte, *JI©tf&fiJfflXTJ^fciBa©a*fcy©«£ 

[0 0 20] ^m<0^f-^^-y^jV^mt^<D&: 
Wsmz-H^X, K<k#H»TT?iK)6 0 0t~9 0 0*C 

■c^i-Sfldfc, #i6-fkgtH^T-e»3 o o~5 o ot 

J:OllSHcCo#L iNiO a fcH»U * 

[0 0 2 1] IMkJMIftT-COttJfttts W*tfK*ai>5 
VM4£&«fflT-etT*.tfftV\, fafflAAK. 6 0 0-90 

o'C-e&aas, am^rim o o~&8 o ot-efc^ 

jK^^tt®^l 0~4 5B#^-Cfo5„ - 

JftS; (I) ©«-&iWk%©ifeft©*:#*lcjt£:c.TS#?-f- 

[0022] #3sbj!© y ^>7A= y^r^m^mtmu, 

&rfL#tfL i N i 0 2 ^±(C@^L-fcfcO-Cfcy, # 

h i ai^±©*^tt^^^i7K^ttr/w* y tmt 

[0 0 2 3] 

Hb8] 

>nx (A n "J • mH z O (III) 

mmm) 

*HK*««fi: 4 . 0mol/l fi«©*S6ft-7- h y !7 
Ag!fg4 2 0ml SrAtlgSfctf^fcaflS^a,, N i : 
C o : A 1 O^fritft 8 : 1 : lt^^J;5C2. 0m 

0 l/l»g©ffiK=S'-7VK «^3/<;HW«t7 
/W$=!7A©7k»|R*fi^-U i 4 0 0m 

1 Srasd^«Et^fc^jaT3 o^*>»t-c«iT-f a. 

itia!)Ni 0-8 Co 0-1 Al 0 . 
7y-S:»fc. i©^7y->f>© (Ni+Co+Al) 
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K#USWt#L i / (Ni+Co+Al) =1. 0 5 
fctt S-t-Sio 3moi/i *g£ft 9 * * A*»«Srl(r 

HTF-6 3 0S) fcTMniBiTasoic-ciiWi^ 
fit&JftgU »ffcfc(EiIT7 25t-Cl 5#HJfeaLfc. 
jM0fc**Ufttt*. L i i.oaN i 0> 799 Co 0 103 A1 

0.097°2^° fc «» 

[0 0 2 7] 

«PBSl6S«fc4. Omo 1 / 1 »«OTK»<fc^ h y 9 
Agffi4 2 0ml «:A*t**Sf^tr*«**a. Ni : 
C o : A 1 : F e <D*/l'tt1fi 8:1:0. 5:0. St 
ft5±5^2. Omol/l»S©«K^y^/K ffitt 

U :os^*»lfi4 0 Om 1 &SSttf*iltL4#&g 

^Tiliii> *K(B»S*5CttJ:!)N i 0 . 8 

Co 0(1 Al 0 , 05 F e o . 0S WS»4S^7!l-tftfc, 
r^^^U-tfiO (Ni+Co+Al+Fe) KlStUK 
■T-tttfLi/ (Ni+Co+Al+Fe) =1. 0 5 fc 

TF-6 3 01) Kir a*«BlT 3 5 0ttl H$Rfl^t!t 

*^>fb**aj*tt, L i i. 04 N i o. 799C o 0 . 101 A 1 

0. 048 F e o. 053°2~^&°fco 

[0028] $mm 3 

4. Omo 1 / 1 MO*iWkt h !) ? A»«4 2 0m 

1 SrAtta*^Sr3iE«f$^:5o Ni :Co:Al^ 
/Ht#8 : 1 : 1 £4* £5 2. Omo 1 / 1 8&<D 

= * 4^ * MB = / h i ffli7;v * n * A 
**r»frU -©Sa-&*«iK4 0 Om 1 fcr^a/i/tr^ 
»8g*»»S*fc«, «^M^#e>niT3 
0»4»»T«IT1-*. »6ftfcSJ«tt«rtt*#H«Tii 
9, zK*fe^> *fc«»*^:S^4:lcJ:9Ni 0 . 8 Co 0 . 1 
Al ai ©4UStt«[^7y-*»*:. Z.(D*7 V—*(D 
(Ni+Co+Al) fc»UJK^It#L i/ (Ni+C 
o+Al) =1. 0 5KttSt8iO3mol/l*i 

^-h^AtLtW (ill fflS^IJT F-6 3 01) \cx 

2 5 < CTf4 5»|IB«6BfcLfc. «J«*^k*aj*f4, Li 

1. 03^ * 0. 802^ ° O. 103^ 1 0. 094^2"^ foofc 0 

[0029] mmm4 



**W3tftbilfcN i 0 . 8 Co 0tl A 1 0>1 (D^Si4^ 
*7 !>— Kl % *7lJ-*<£ (Ni+Co+Al) £ftt 
W-fJt"C«**9 8 : 2fc45±5fc«trW»U * 
bfcH^JfcitfL. i/ (N i +C0+AI + B) =1. 0 
5t«at5I©3mo l/l7kSWt»^9A**«Sr 

T/v5+»*-HK:AH»««P (OJfflm^SiTF-6 3 
OS) fcr**«3BT4 5 0 , CTl«plH^flt«Sd» % R 
#«iIT7 2 5^4 5l*W*fiJtUfc. 
£fcf£> L i lm 04 N i 0 78S C o 0 10 iA 1 0 094^0. 020O 

[0030] mutms 

3 "Cfljlf \fcT* n/nf y8oftb 8 KIN a a S 0 3 

F-6 3 0S) (CTttlRtiaTSSO^-Clttlimn 
<Dfc¥»fctt* L i K01 N i 0>806 Co o> 102 A 1 0 093 

o 2 rfcofc 0 

[0 0 3 1 ] HJ£0iJ 6 

N i : C o : A 1 <D^/Wt/6* 8 : 1 : 1 1 45 <fc 5 K 
2. Omo 1/1 M^^HS 

£2. Omo 1/1 HI !>A7K*«Sr»S 

P H8. 5fcfc*±5tewp»wta*ffv\ aaT, ws 
*BB2o»'tsiKeK*ft*jrftofc. ^e>*x^as«s* 

Wks *8fe«, *fclBW£*6rilci0N i 0 . 8 Co 

dAi^^iittH^^y^t, 

CO (Ni+Co+Al) KlWUgmttfL i / (N i + 
Co+Al) =1. 0 5Klftai-S*<03mo 1/1* 

»tt^fc£9^««*tTofc 0 ft&ftfcmtURA 

tr^$^li!#-hteAtb*«iP (iuh«*«tf-6 
301!) fcra*«taT4 5o , C'ci«piB^fli«Erta, 

«J*tt. L i 03 N 

* O. 803 C O 0 100 A 1 0 097^2*^$? 

[00321 mmm 7 

nt&W 6 T?»bilfcN i 0. s C o 0 . 1 A 1 0 . x^SSttiS 
^7UH:, ^9 5— "t»© (Ni+Co+Al)' ICftL 
W-f MsTHI*d5 9 8 : 2_fc45 A 5fcH»*WlDU * 
bKlJK^JtsWL i/ (Ni+Co + Al+B) =1. 0 
5M03i-3*<03mo l/l*BWty^9A*»«[Sr 

Hm^.ST F-6 3 0I) KlTft*»aT 4 5 0tfl 

fc 0 *fiMfc©{fc*a*tt, L i 1b 04 N i o. 786 C o 0> 098 
A 1 o. o96^o. O2o0 2 rfoo?c:o 
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[0033] mmms 

N i : C o : A 1 <0<=evWJt# 8 : 1 : 1 t *5 J: 5 fc 

2. omo i/immomm-ytrsK wm^^vr 

JJiT^=i/Ubr^RSrl%*«J:5fclnjL* 0 2. Omo 

i / 1 h V firA*»ttfcr^3>utrvKfr 

5 i:46J:5teWP»Wn*ffv\ S»T\ HHMWJ2 0 
55fe«, *fc«W4*s^fcfcJ:5Ni 0 . 8 Co 0 . 1 Al 

ai O«ffltlt^73-t#fc. -O^yy-^O (N 
i + C.O+A 1 ) K#LBiF-Jfc#L i/ (Ni+Co + 
Al) =1. 0 5Kaat5i©3mol/l*8fty 

a) fc"c*»*aT4 5 0TCTfi»iB : Hi**ii, mm 

L i A 03 N i 0 S04 C o 0 O99 A 1 0 097° 2"^ 

fee 

[0 0 3 4] Slfe^J 9 
N i : C o : A 1 0*^*t# 8 : 1 : 1 1 48 ± 5 fc 
2. Omo l/l»JO«8=y^K ffi»=»^/VhX 

fcr^=;i/trv»sr2%4aj:5^iD*.a. 4. omo 
l / 1 »*o*BMk+ h 8 *A*««fcr*=vutf y» 
*2%<i:aJ:5U:»fcU «S»^*jW[iBSpH 
8. 5&4SJ;5fcWtf*to*frV\ £»T\ »«R#IH 

*UHB»S«:iK:i9Ni o . 8 Co 0 . 1 
Al 0 .iOtfcaW4Jfc^5 9— *»fc. y-fco 
(Ni+Co+Al) |C#UJWfc#L'i/ (Ni+C 
o+Al) =1. 0 5l:ffiat5i«)3mo 1 / 1 *BJ 

T^$+«*-hK:7oH«tt#» (OJfflS^KTF-6 3 

^tte, L 1 !.03 N U. 799 C ° O.IOO A 1 0, 101°2^fc^ 
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